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LUUDGLDWLRQDVVLVWHG VWUHVV FRUURVLRQ FUDFN ,$6&& DQG LUUDGLDWLRQ HPEULWWOHPHQW FDQ RFFXU RQ WKH /&3 GXH WR
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LQWHJULW\HYDOXDWLRQWHFKQRORJLHVWRFRQILUPVWUXFWXUDO LQWHJULW\RI WKH/&3DJDLQVW LUUDGLDWLRQDJLQJGXULQJGHVLJQ
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LQWHJULW\ HYDOXDWLRQ WHFKQRORJLHV >@ +RZHYHU LQ WKH VWXGLHV GXFWLOLW\ GHJUDGDWLRQ GXH WR LUUDGLDWLRQ
HPEULWWOHPHQWZHUHFDOFXODWHGXVLQJIUDFWXUHVWUDLQVGHULYHGE\WHQVLOHWHVWVXVLQJVPRRWKVSHFLPHQVZLWKFRQVWDQW





















V   mST   
ZKHUH iV i PHDQVSULQFLSDOVWUHVVHV
,Q DFFRUGDQFH ZLWK WKH SUHYLRXV VWXG\ >@ IUDFWXUH VWUDLQ GHFUHDVHV H[SRQHQWLDOO\ ZLWK LQFUHDVLQJ WKH VWUHVV
WULD[LDOLW\RYHUWKHKLJKHUVWUHVVWULD[DLOLW\VWDWHWKDQWKHXQLD[LDOWHQVLOHWHVWFRQGLWLRQXVLQJVPRRWKVSHFLPHQV2Q
WKH RWKHU KDQG IUDFWXUH VWUDLQ FKDQJHV SDUDEROLFDOO\ ZLWK LQFUHDVLQJ WKH VWUHVV WULD[LDOLW\ RYHU WKH ORZHU VWUHVV
WULD[LDOLW\VWDWHWKDQWKHXQLD[LDOVPRRWKWHQVLOHWHVWFRQGLWLRQ>@
&RUUHODWLRQEHWZHHQIUDFWXUHVWUDLQDQGVWUHVVWULD[LDOLW\ZDVGHWHUPLQHGXVLQJWKHIROORZLQJSURFHGXUH
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3.2. FE Temperature Analysis 
7HPSHUDWXUH GLVWULEXWLRQV RI WKH/&3GXULQJQRUPDO RSHUDWLRQZHUH GHULYHGYLD WKHUPDOFRQGXFWLRQEDVHG)(
WHPSHUDWXUHDQDO\VLVFRQVLGHULQJJDPPDKHDWLQJ
)OXLG WHPSHUDWXUHFRQWDFWHGZLWKDOO VXUIDFHVRI WKH/&3ZDVDVVXPHG WREH WHPSHUDWXUHRI UHDFWRUFRRODQW LQ






QXFOHDU IXHO FRUH  ,Q DGGLWLRQ LW LV IRXQG WKDWPD[LPXP WHPSHUDWXUH GRHV QRW RFFXU DW QRGHV RQ WRS VXUIDFH RI
FHQWUDOUHJLRQEXWDWDQLQQHUQRGHRIFHQWUDOUHJLRQGXHWRJDPPDKHDWLQJDQGFRROLQJE\UHDFWRUFRRODQW
3.3. FE Stress Analysis 
7RGHULYHYDULDWLRQRIVWUHVVGLVWULEXWLRQVZLWKQHXWURQLUUDGLDWLRQGXULQJGHVLJQOLIHWLPHDQGFRQWLQXHGRSHUDWLRQ


























ZLWK LQFUHDVLQJ WKH RSHUDWLQJ WLPH 7KH WLPHV SUHVHQWHG LQ WKH ILJXUHV PHDQ VSHFLILF WLPHV DW VWHDG\ VWDWHV RI
UHIXHOLQJF\FOHV$VGHSLFWHGLQWKHILJXUHWKHQHXWURQLUUDGLDWLRQGRVHVLQFUHDVHZLWKLQFUHDVLQJWKHRSHUDWLQJWLPH
DQGKLJKQHXWURQLUUDGLDWLRQRFFXUVDWSDUWQHDUWKHWRSVXUIDFHRIFHQWUDO/&3
)LJXUH  VKRZV YDULDWLRQ RI WKH YRQ0LVHV HIIHFWLYH VWUHVV GLVWULEXWLRQDW VWHDG\ VWDWH GXULQJ UHIXHOLQJ QRUPDO












%DVHG RQ WKH GHULYHG VWUHVV GLVWULEXWLRQV GXFWLOLW\ GHJUDGDWLRQ GDPDJH LQGLFDWRU ZDV FDOFXODWHG XVLQJ WKH
DVVXPHG FRUUHODWLRQ DQG WKHQ WKH VWUHVV WULD[LDOLW\ HIIHFW RQ WKH GXFWLOLW\ GHJUDGDWLRQ GDPDJH LQGLFDWRU ZDV
LQYHVWLJDWHG










H   
ZKHUH STfH ZDVFDOFXODWHGYLDWKHHTXDWLRQVDQG
)LJXUH  GHSLFWV YDULDWLRQ RI WKH GXFWLOLW\ GHJUDGDWLRQ GDPDJH LQGLFDWRU GLVWULEXWLRQDW VWHDG\ VWDWH GXULQJ
UHIXHOLQJQRUPDORSHUDWLRQZLWKLQFUHDVLQJWKHRSHUDWLQJWLPH$VGHSLFWHGLQWKHILJXUHLWLVIRXQGWKDWPD[LPXP



















4.2. Investigation of the Stress Triaxiality Effect on the Ductility Degradation Damage Indicator 
)URPYDULDWLRQRIWKHPD[LPXPGDPDJHLQGLFDWRUKLVWRU\DWQRGHDFFRUGLQJWRFRQVLGHUDWLRQRIWKHVWUHVV
WULD[LDOLW\HIIHFWSUHVHQWHG LQ)LJ LW LV LGHQWLILHG WKDW WKHUH LVGLIIHUHQW WUHQGDFFRUGLQJ WRFRQVLGHUDWLRQRI WKH
VWUHVVWULD[LDOLW\HIIHFW7KHQRGHLVDQRGHWKDWPD[LPXPGDPDJHLQGLFDWRURFFXUVDWVWHDG\VWDWHGXULQJWKH
WK UHIXHOLQJQRUPDORSHUDWLRQVKRZQ LQ)LJG ,QFDVH WKDW WKHVWUHVV WULD[LDOLW\HIIHFW LVQRWFRQVLGHUHG WKH
PD[LPXPGDPDJHLQGLFDWRUGURSVDELWHYHU\UHIXHOLQJVWRSEHFDXVHFRQVWDQWHTXLYDOHQW LQHODVWLFVWUDLQPDLQWDLQV
ZKLOHWKHIUDFWXUHVWUDLQLQFUHDVHVZLWKWHPSHUDWXUHGHFUHDVHGXULQJWKHUHIXHOLQJVWRS2QWKHFRQWUDU\LIWKHVWUHVV
WULD[LDOLW\ HIIHFW LV FRQVLGHUHG WKH PD[LPXP GDPDJH LQGLFDWRU LQFUHDVHV VKDUSO\ HYHU\ UHIXHOLQJ VWRS 7KLV LV
EHFDXVH FRQVWDQW HTXLYDOHQW LQHODVWLF VWUDLQ PDLQWDLQV ZKLOH WKH IUDFWXUH VWUDLQ GHFUHDVHV UDSLGO\ GXH WR GUDVWLF
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